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Reproduction in South 
American Camelids 
Timothy M. Smith, LAT· 
INTRODUCTION 
Six species of "camels" exist in the world 
today: the llama (Lama glama) and alpaca 
(Lama pacos) were domesticated in South 
America 4-5 thousand years ago, while the 
guanaco (Lama guanicoe) and vicuna (Vicugna 
vicugna) still exist in the wild. The more famil-
iar bactrian camel (Camelus bactrianus) of Asia 
and the African dromedary camel (Camelus 
dromediarus) make up the balance of the came-
lids. 9 The four species of South American ca-
melids are ancestors of "llama-like" creatures 
that stalked North America in the Pliocene 
Epoch. As their resources depleted they 
moved south toward South America while 
their relatives, the camels, went east to Asia 
and Africa. 9 
The llama has long been valued and used as 
a beast of burden in South America (S.A.). Its 
surefootedness, ability to adapt to high alti-
tudes and do well on unimproved forages un-
suitable for other domestic ruminants, and 
general hardiness have made the llama an im-
portant indigenous resource.15 Its wool is 
perhaps the finest in the world, unique in soft-
ness, color and texture. Unfortunately, the S. 
A. camelids' value as a wool producer nearly 
caused its extincton. Because of the high de-
mand for their precious wool, poachers began 
exterminating the S. A. camelids at an alarm-
ing rate. These animals are now protected by 
law. 1 
The South American camelid is also prov-
ing to be quite a valuable animal in the 
United States. Llamas are currently being 
used by trail maintenance crews in the Na-
tional Parks and Forests as pack animals. 
They are capable of handling adequate loads 
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yet, they do little damage to the enviromrient, 
and because of their surefootedness are able to 
travel in areas that are non accessible to tradi-
tional pack animals. 16 
Another valuable asset that camelids have is 
their strong maternal behavior. Results of re-
search conducted at Iowa State University us-
ing guanacos to protect sheep herds from 
predators have been optimistic. The quanacos 
are bred to give birth during the lambing sea-
son. They interact well with the sheep and 
defend their territories vigorously. This will 
prove to be beneficial to western sheep herds 
that are plagued by losses due to predators. 4 
The approximate number of S. A. camelids 
according to country is listed in Table 1. Al-
though the total number of camelids in the 
world appears high, the vicuna faces extinc-
tion if proper management and breeding of 
this animal are not aggressively carried out. 
TABLE 1 Estimated numbers of South 
American camelids (Xl0J).15 
Country Domesticated Wild 
Llama Alpaca Vicuna Guanaco 
Peru 900 3,290 65 5 
Bolivia 2,050 300 2 few 
Argentina 100 few 10 500 
Chili 85 0.5 10 17 
Ecuador 2.5 few 
USA 3 few 
REPRODUCTION -GENERAL 
The S. A. camelid female reaches puberty as 
early as 10 months of age, however, they will 
not demonstrate estrual or sexual behavior un-
til they are 12-14 months of age. II The male 
shows sexual interest in the female at 1 year of 
age, however, because of a completely adherent 
penis at the time of birth, the male is unable to 
mate. As the animal matures and produces tes-
tosterone, the penile adhesions break down 
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and the male is able to copulate. Generally, 
complete break down of the penile adhesions 
does not occur before the age of three years. IS 
It is general practice not to breed females 
until they are two years of age. This gives the 
female adequate time to mature and develop to 
the proper size for giving birth to strong, 
healthy offspring and decreases the chance of 
dystocia. ll The male begins the courting ritual 
by running behind the female in heat. She will 
allow the male to mount, then she takes a sit-
ting position. Copulation will last between 5 
and 50 minutes, during this time the female 
will remain silent while the male makes gut-
tural sounds. The semen is deposited in-
trauterine. S. A. camel ids show intense sexual 
activity and will sometimes mate up to 18 times 
per day. 15 
Research has shown that S. A. camelids are 
year-round breeders in some parts of the 
world. It has been demonstrated, however, that 
continuous cohabitation will produce an inhib-
iting effect on sexual activity. In South 
America, where present management practices 
allow both sexes to run together throughout the 
year, the S. A. camelids give birth during the 
rainy season of December through March. If 
the female is exposed to the male only once a 
month, the female may give birth at any time 
of the year. 13 
REPRODUCTION - MALE 
Semen Characteristics: The ejaculate for an 
adult S. A. camelid ranges between 6.6-12.5 
ml. It is highly viscous, with a concentration of 
255,000-600,000 spermlmm3. Because of the 
high viscosity of the seminal plasma, sperm 
motility is slower than most other domestic 
species. IS 
Testicles: The testicles of a mature S. A. ca-
melids are found in a non-pendulant scrotum, 
that does not have a well defined neck. The 
~crotum is similar in nature to the sub-anal 
protuberance found in swine, rodents and car-
Olvores. 
The testes will be approximately 0.04% of 
the total body weight of the animal. They 
should be of the same size, turgidity and be 
free-moving in the scrotum. 15 
Accessory Sex Glands: The prostate is H-
shaped and located at the neck of the bladder. 
The bulbourethral glands are located on both 
sides of the urethra at the pelvic outlet. There 
are no vesicular glands in male S. A. came-
lids. 15 
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Penis and Prepuce: South American came-
lids have a fibroelastic penis, similar to the 
bull. However, the tip of the penis differs in 
that it forms a clockwise curved hook. 15 Be-
cause of its structure it actually changes little in 
size, either in diameter or length during erec-
tion. The length of the penis is approximately 
35-40 cm and the sigmoid flexure is pre-scro-
tal. The prepuce is relatively small, and the 
opening of the urethral orifice is oriented 
caudually causing the male to urinate between 
his legs. 15 
REPRODUCTION - FEMALE 
Estrous and Ovulation: The camelids do not 
have regular, defined estrous cycles like most 
other domestic species. With proper manage-
ment, females can show continuous estrous for 
up to 36 days with short periods of 48 hours 
where the female will not accept the male .13 
The signs of heat are not well defined and show 
marked differences among individuals. All the 
South American camelids and Old World ca-
melids are induced ovulators. Ovulation occurs 
26 hours post mating. This differs significantly 
from other ruminants, such as sheep and cat-
tle. Research has shown that multiple ovula-
tions occur in only 10% of the cases of natural 
mating, and there is only one reported case of 
twins born. 15 
Infertility Problems: An important finding 
over the past few years is the low productivity 
and infertility of the South American camel ids. 
Research in Peru has shown reproductive 
failure to be as high as 50 % in alpacas, far 
below the reproductive rates of most domesti-
cated species. 15 Nutrition, genetic background, 
inbreeding, and disease are contributing fac-
tors to the low reproductive rates. Reduced fer-
tility has been shown to be due to a combina-
tion of factors, including lowered ovulation 
rates, failure to conceive, and high embryonic 
losses. 15 
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Ovarian problems cause lowered· fertility in 
8 % of the adult and 35 % of the yearling alpa-
cas. Post-mortem examination of 149 non-
gravid females found that 16 % were related to 
ovulation failure (Table 2). IS 
TABLE 2 Reproductive failures in post-
mortem examination of 149 non-gravid females. 
Asterisk indicates pathologies involved with 
ovulation failure. 
Ovarian hypoplasia· 
Follicular cysts· 
Endometritis 
Parovarian cysts· 
Ovarian tumors 
Uterus unicorni 
Vaginal Segmental aplasia 
Ovarian adhesions· 
No abnormalities found 
6.0% 
4.7 
3.4 
2.7 
2.0 
1.3 
1.3 
0.7 
22.1 % 
77.9% 
100.0% 
Corpus Luteum: After ovulation a corpus 
luteum (CL) is formed, and reac)1es its highest 
secretory activity at 8 days post-ovulation. If 
the animal fails to become pregnant, the CL 
regresses at day 13. Pseudopregnancies are not 
know to occur. The CL is the major source of 
progesterone throughout pregnancy and re-
moval of the ovary containing the corpus lu-
teum before the 11th month of gestation will 
result in abortion. IS Removal of the ovary after 
11 months of gestation will cause lowered birth 
weights for the offspring. 
Placenta: The placenta is diffuse and epithe-
liochorial in type. The chorionic epithelium 
has unbranched villi or folds and is closely op-
posed to the corresponding undulations of the 
uterine epithelium. The fetal-maternal interac-
tion consists of interdigitation of fetal and ma-
ternal microvilli. 15 
Embryonic Mortality: Embryonic mortality 
is the m~or cause of reproductive failure in the 
S. A. camelids: 50% of the embryos are 
aborted or reabsorbed within the first month of 
gestation. 15 However, the breeding capacity of 
females that fail to produce a viable fetus is 
only temporarily impaired since they may re-
conceive and carry a pregnancy to term. Even 
then, the rebreeding of females that have re-
turned to heat still may result in a birth rate of 
only 50%." 
The exact mechanisms of such high embry-
onic loss are unknown, but differential abilities 
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of the left and right horns to support a fetus are 
a suspected cause. Even though ovulation takes 
place in the right ovary 39% of the time, 100% 
of the implanted embryos occur in the left 
uterine horn within 95 days after ovulation. 
This delay and embryonic movement from the 
right to the left uterine horn could be a contrib-
uting factor to embryonic mortality.IJ 
Pregnancy Determination: South American 
camelids experience a long gestation period 
similar in length to other hoofstock. The length 
of gestation is 320-345 days, and may vary 
due to health of the animal, nutritional status, 
environment, stress, and fetal size. 
Pregnancy can be detected by estrus behav-
ior, palpation, hormonal assay, Doppler, ultra-
sound, or radiology. 
The return to estrus is a good sign that the 
female did not settle on the last mating. How-
ever, the absence of estrus is not a reliable indi-
cation that the female is indeed pregnant. 15 
Rectal palpation is an accurate means of de-
termining pregnancy in the camelid. The limi-
tation with this procedure is the small diameter 
of the rectum. 
The measurement of the levels of proges-
terone is an ideal way of determining preg-
nancy. There are occasions when the presence 
of a persistent CL will influence the test results 
and give a false postive. Therefore, a follow up 
diagnostic procedure consisting of a second 
progesterone assay at a later date or by another 
means of pregnancy determination such as rec-
tal palpation or ultrasound should be per-
formed. The limitations of this procedure are 
false positives, and the availability of a lab to 
run the hormonal assay. The progesterone con-
tent of blood serum from pregnant llamas 
ranges from 2.28-6.99 ng/m!. 
The technique of Doppler- ultrasonics de-
pends upon sounds, such as the heart beat of 
the fetus. The instrument can be placed in the 
rectum or aimed at the uterus through the 
flank. Accuracy with this procedure is 90% at 
60-100 days of gestation in the sheep. The cost 
of the instrument may be prohibitive to 
some. 14 
The ultrasound instrument scans the abdo-
men with sound waves and picks up fluid filled 
areas, such as amnionic cavity containing the 
embryo and the heart in later gestation. It will 
also detect dense material such as bone. The 
instrument is fairly expensive, yet the accuracy 
of determining pregnancy is very high. The 
other useful factor of this machine is that it can 
Iowa State University M!terinarian 
determine the viability of a fetus. 
The means of determining pregnancy by ra-
diology is highly accurate after ossification of 
the fetal bones. Radiology is prohibited for 
wide scale use because of the inherent risks in 
exposing the operator and animal to ionizing 
radiation, the cost of the machine, and devel-
opment of the film.14 
GESTATION AND PARTURITION 
All fetuses are carried in the left uterine horn 
regardless of the site of ovulation. Gestation in 
the South American camelids ranges from 
320-345 days (Table 3). Parturition occurs 
during daylight hours beginning at 05:00 A.M. 
and having its highest incidence around 09:00 
A.M. A few cases have been reported before 
18:00 hours. No births have occurred between 
19:00-04:00 hours, unlike other ruminants. is 
Many researchers believe this is due to the 
night time temperature in the Andes. If the 
S. A. camelids can give birth during daylight 
hours when the temperatures are the greatest, 
then the offspring are already dry, able to stand 
and feed before the evening chill sets in. At the 
time of birth S. A. camelids do not lick their 
offspring or eat the placenta. Regardless of 
this, they have excellent maternal characteris-
tics and rarely abandon their offspring. 15 
TABLE 3 Gestation Lengths of Camelids 
Breeding Sexual 
Season Maturity Gestation 
Llama All yr 24 months 330 days 
Guanaco Nov-Feb 24 months 330 days 
Aug-Sep 
Vicuna 24 months 330 days 
Alpaca 24 months 330 days 
Post-partum period: Within four days of 
parturition, the female is submissive and al-
lows the male to mount. However, the corpus 
luteum has not regressed and she is not in heat. 
The uterus is completely involuted at day 20 
post-partum, and the CL has regressed. To ob-
tain maximum fertility, breeding of the female 
is not recommended before 20 days post-par-
tum. 11 
Dystocia: Dystocia is defined as abnormal 
labor or difficult birth, due to a physical or 
functional defect. Dystocia in the camelids is 
infrequent. However, when the condition does 
Occur it requires immediate attention since the 
life ofthe fetus and the dam are endangered. 12 
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CONGENTIAL DEFECTS OF SOUTH 
AMERICAN CAMELIDS 
Until recently, there had not been any new 
camelids imported into the United States for 50 
years. This resulted in a lot of inbreeding 
among the limited number of animals in this 
country. Compounding this serious problem is 
the increased interest in camelids among 
private owners. Their market value has risen 
tremendously, making llama breeding a profit-
able industry. 
Since inbreeding is commonly practiced, the 
prevalence of congenital diseases is increasing. 
Some of the known congenital/hereditary de-
fects in South American camelids are given in 
Table 4. There are three major congenital 
problems that are of importance. 
Angular limb deviation has been described 
in an inbred herd of zoo llamas. The promi-
nent clinical sign is lateral deviation of the limb 
distal to the knee. The knees overlap each 
other when the animal stands still and trauma 
to the carpi resulting from this condition is 
common. 7 
The condition is likely to manifest itself by 
the age of two to six months. The defect can be 
corrected by surgery and the animal should not 
be allowed to reproduce. 
Choanal atresia is an example of a lethal 
# of Normal Life Herd 
young Adult wt. Expectancy Size 
1 100 kg 15-20 yrs Small 
1 100 kg 15-20 yrs Small 
50 kg 15-20 yrs Small 
70 kg 15-20 yrs Small 
trait. Unfortunately, llamas with bilaterally 
complete choanal atresia are unlikely to sur-
vive. There is a bony or fibrous membrane 
that blocks the passageway from the nasal cav-
ity to the oropharynx. The newborn has diffi-
culty in breathing, and may be weak and una-
ble to stand. A characteristic clinical sign of 
choanal atresia is the breathing pattern of the 
affected newborn. On inspiration, the newborn 
opens its mouth slightly and fills the mouth 
with air. Since the soft palate is beneath the 
epiglottis, the air does not move freely into the 
trachea. The air forces the checks to balloon, 
and when the mouth compresses, it forces the 
air against the soft palate, pushing it dorsally 
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and allowing inhalation. This effort resembles 
a small bellows. During expiration, air is 
forced out the larynx into the oropharynx. 
Complete expiration requires more effort to 
propel air around the elongated soft palate. 5 
Treatment has been attempted in some 
cases. Surgical removal of bony and fibrous 
material in the nasal passage, along with the 
placement of plastic tubes to prevent stenosis 
has had limited success.5 
Ventricular septal defects are the most com-
mon cardiovascular defect in llamas. This type 
of defect is often overlooked in incomplete ne-
cropsies.s 
TABLE 4 Congenital Defects of South 
American Camelids8 • 
Skeletal 
Polydactylism 
Syndactylism 
Angular limb deformities 
Medial luxation of patella 
Torticollis 
Cardiovascular 
Patent ductus arteriosus 
Ventricular septal defects 
Persistent arterial trunk 
Eye 
Cataract 
Hypogenesis of eyelid 
Head 
Cerebellar hypoplasia 
Choanal atresia 
Mandibular prognathism 
Hydrocephalus 
Cleft palate 
Agenesis of the palate 
Miscellaneous 
Single kidney 
Cryptorchism 
Atresia ani 
Atresia vagina 
Diaphragmatic hernia 
Umbilical hernia 
PROCEDURES TO SOLVE 
REPRODUCTIVE PROBLEMS 
Management is the key to any good breed-
ing program. Accurate records on disease and 
reproductive histories on individuals are essen-
tial. Proper levels of nutrition insure earlier es-
trous periods. 
Proper preventive medicine, evaluation of 
breeding stock for physical and psychological 
breeding problems and the culling of inferior 
genetic stock help improve reproduction. 
The use of Artificial Insemination (AI) aids 
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in controlling disease. AI reduces injury to the 
breeding pair. There is less chance of injury 
since noncompatible pairs do not have to be 
placed together. Those males with poor breed-
ing ability or injury can be used. Males unable 
to copulate with a female can be ejaculated. A 
semen sample can be collected and evaluated 
for motility and morphology. AI may aid in the 
identification of a reproductive problem. Fer-
tility problems may not be associated with the 
female, but may be due to the quality of se-
men. By splitting ejaculates, more females can 
be bred on a given day. AI permits the use of 
older males. By storing semen until the female 
is ready, females can be bred at the most op-
portune time. AI allows transport of semen. 
Instead of transporting a male, the male can be 
collected and his semen transported saving 
money, reducing the risk of disease and pre-
venting injury to a valuable animal. 
By storing and shipping semen it is possible 
to increase the genetic pool of many herds. 
Through the use of embryo transfer, there is 
a potential to obtain a greater number of prog-, 
eny from phenotypically and genotypically su-
perior females. 2 The collected embryos from a 
given female can be analyzed morphologically 
to determine their viability, then implanted 
into recipient females. In cases where infertility 
may be due to a lethal maternal environment, 
the embryos could be recovered and trans-
ferred into a suitable recipient female. Labora-
tory techniques used with embryo transfer 
would also be useful for diagnosing adhesions 
and obstructions.3 
There is a chance to increase the rate at 
which the genetic merit of S. A. came1ids could 
be improved throughout the population.2 In 
closed herds where the genetic pool is small, 
embryo transfer could overcome the problem 
of inbreeding by introducing embryos from 
outside herds without the expense of acquiring 
new animals. 
Finally, embryo transfer also holds promise 
of increasing the numbers of the endangered 
vicuna. 
The ability to freeze gametes (cryogenics) 
for future use holds great promise. It allows for 
the increase of the genetic pool of herds by 
introducing gametes from other areas without 
the expense, injury or introduction of disease 
from new animals. 
Only time will tell how these species may 
benefit from the research done in the field of 
theriogenology today. 
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